We analysed sympatrically occurring specimens from Lizard Island, Queensland, Australia identified on shell characters as Naticarius onca (Röding, 1798) and found them molecularly separated into two distinct clades. Additionally, we obtained sequences from nine morphologically similar, randomly collected naticid egg masses ('sand collars') from Lizard Island and two other Queensland localities. Eight out of the nine egg masses unambiguously grouped with one of the two N. onca clades. The two clades show no common haplotypes, resulting in a sequence divergence of 11.1% in the COI gene fragment, and 4.0% in the 16S gene fragment, while the intraspecific variability within the two taxa was 1.0-2.4% and 0.2-0.4% for COI and 16S, respectively. The adult shells of members of the two clades from Lizard Island are morphologically indistinguishable, showing overlapping intraspecific shell variability in colour pattern, shape, and protoconch morphology. Thus, N. onca contains at least two independent lineages that probably represent distinct species. One of the egg masses from Lizard Island, which is morphologically similar to N. onca, proved to be assigned to the rare N. concinnus, the first documented evidence of this species from the Great Barrier Reef. Our results illustrate the usefulness of egg masses in barcoding approaches and taxonomic assignments.
Introduction
The development of molecular techniques has substantially increased our capability to identify species and to discover sibling or cryptic species complexes (e.g., Knowlton 1993; Simison and Lindberg 1999; Collin 2000; Hebert et al. 2003; Lee and O´Foighil 2005) . However, there has been little molecular work on burrowing, sand-associated gastropods because they are often difficult to collect. Consequently, these species are underrepresented in museum collections, with voucher specimens predominantly based on empty shells or fixed in formalin or weak ethanol and thus, such vouchers are inadequate for standard molecular analyses.
Here, we examine specimens assigned to the infaunal naticid species Naticarius onca (Röding, 1798) based on shell morphology. Röding´s definition of Cochlis onca was based on one of the perceived colour variants of "Pavimentum chinense" figured in Chemnitz (non-binomial, 1781, in Martini and Chemnitz 1769-1829 ; see Melville and Smith 1987) . Röding restricted his Cochlis onca to only one of three specimens figured (plate 187, Figs 1887 (plate 187, Figs -1888 our Figs 1A, 1B) , leaving aside the two differently coloured specimens figured on plate 187, Figs 1889 -1891 . Based on the differences in their colour patterns, Röding believed the specimen of "Pavimentum chinense" on Chemnitz's plate 187, Figs 1889-1890, to represent a different species, which he named Cochlis pavimentum (Figs 1F, 1G ). Röding did not assign a name to the third specimen on plate 187, fig. 1891 (our Fig. 1E ), which he presumably also considered to be different as he did not include it in his definition of Cochlis onca (Röding 1798) . Apparent similarity of the shell characters between the taxa, together with the observed variability in colouration of what was considered to be N. onca, hampered species separation and even led to subsequent proposals of synonymy of N. pavimentum with N. onca (e.g., Kabat 2000 ).
Röding's perception that the colour variants of "Pavimentum chinense" represent more than one species illustrates the taxonomic complexity of N. onca. Despite this, his assumption remained untested for more than 200 years. In this preliminary study, we used specimens and egg masses live-collected from three localities along the Great Barrier Reef, Australia, to test the monophyly of N. onca. Egg masses represent an alternative source of genetic data, and are particularly useful in difficult to collect and irregularly distributed infaunal naticids (Huelsken et al. 2008) . While species identification of gastropod egg masses previously relied on serendipitous observations of individual specimens in aquaria or in the field (e.g., Puillandre et al. 2009 ), the advent of molecular barcoding (Hebert et al. 2003) now allows the assignment of egg masses to a species without direct observation of egg laying.
Materials and Methods

Material examined
Eleven naticid specimens and nine egg masses were collected at Lizard Island, Dingo Beach, and Pioneer Bay (Queensland, Australia). Additional specimens from other localities were provided by colleagues ( Fig. 2 ; Table 1 ). The data are supplemented by sequence data from the only two Mediterranean Naticarius Duméril, 1806 species (N. hebraeus and N. stercusmuscarum from GenBank; Huelsken et al. 2008) . We used sequences of Cypraea annulus (Linnaeus, 1758) [Cypraeidae; GenBank accession Nos. AY296832, DQ916532, AF033681] and Bostrycapulus pritzkeri (Collin, 2005) (QM) and one specimen vouchered in the Australian Museum, Sydney (AMS); for MNHN, QM, and AMS catalog numbers see Table 1 . Sequences of all specimens analysed were uploaded to NCBI (accession numbers FJ384564-FJ384616, FJ469930-FJ469931). Protoconchs were measured as described by Solsona and Martinell (1999) and photographed using a digital binocular microscope. Height (h) and width (w) of shells were measured using callipers, and the ratio was calculated for each specimen (r = h/w) as described in Huelsken et al. (2006) .
Nucleic acid isolation and sequence analysis
Total DNA was extracted from ethanol-preserved tissue using a modified protocol of the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) as described in Huelsken et al. (2011) and stored in 0.1 mM Tris-EDTA pH 7.4. Amplification reactions using iProof polymerase (Bio-Rad Laboratories, Munich, Germany) were performed in MJ Research thermocyclers (Watertown, MA, USA). Primers used for partial amplification of CO1, 16S rRNA, 18S rRNA and H3 genes were taken from a previous study by Huelsken et al. (2008) . The PCR products were purified using the JETSORB Gel Extraction Kit (Genomed, Löhne, Germany), and both strands were sequenced on an ABI 3130xl automated sequencer using the PCR primers and a BigDye Terminator v3.1 sequencing kit (both Applied Biosystems, Foster City, CA, USA). Amplification of the gene fragments resulted in alignments of the following lengths: COI (450 bp), 16S rRNA (489 bp), H3 (264 bp), 18S rRNA (407 bp). Egg mass (Fig. 3) were calculated applying Bayesian inference, Distance analyses, and Maximum Parsimony by using the software packages MrBayes (Ronquist and Huelsenbeck 2003) and PAUP*4.0b10 (Swofford 2003) , respectively. NeighborNet analysis (Fig. 4) was performed using SplitsTree v4.8 with the logdet model (Huson 1998; Huson and Bryant 2006) . For the Bayesian analysis 5 x 10 6 generations were calculated, while Bootstrap analyses with 1000 replicates were performed for Maximum Parsimony and split-decomposition analysis. Data set analyses, uncorrected pairwise distance (p), and statistical tests were performed using Paup*4.0b10 (Swofford 2003) . To determine inter-and intraspecific variability of the genetic data, the fixation index (F ST ) and haplotype diversity (Hd) were calculated using the program DnaSP (Librado and Rozas 2009) . The F ST is a measure of population differentiation and genetic distance, based on genetic polymorphism data (COI haplotypes).
In this case, the supplementation of data obtained from EtOH-fixed specimens by data derived from egg masses was the only way to obtain adequate numbers of sequences for taxonomic analysis on this species group. As DNA extractions of naticid tissue often produced only limited amounts of amplifiable DNA (see Huelsken et al. 2011) , we frequently had to use the entire tissue of a specimen for DNA extraction to be able to amplify sequences of high quality. Thus, anatomical work was not possible on this material.
Results
Phylogenetic Analyses
Irrespective of the genes used for phylogenetic and split analyses, our data demonstrate a distinct separation of the Indo-Pacific Naticarius species from their supposedly congeneric Mediterranean relatives, a conclusion supported by high bootstrap and Bayesian inference values (Figs 3, 4) . Except for the 18S rRNA tree, N. sertatus (Röding, 1798) was basal within the Indo-Pacific Naticarius species. No further resolution concerning the relationships of N. onca and closely related species was obtained in the analyses of nuclear 18S rRNA and H3 sequences (Fig. 4) . The phylogenetic reconstructions based on the mitochondrial COI and 16S rRNA gene fragments render N. onca paraphyletic.
The specimens of N. onca formed two highly supported and independent clades. In the COI dendrogram, N. concinnus and N. zonalis (Röding, 1798) are more closely related to N. onca clade 1 (Fig. 3) while both species were arranged in a terminal taxon together with N. onca clade 2 in the 16S rRNA tree (Fig. 4) . However, the similar lengths of branches in the COI NeigborNet analyses ( (Dunker, 1860) , Shark Bay, Western Australia (#82-1). K, Naticarius zonalis (Récluz, 1850) , Lizard Island, Queensland (#60-1). L, Naticarius sertatus (Menke, 1843) , Lizard Island, Queensland (#79-1). M, Naticarius sertatus (Menke, 1843) , Shark Bay, Western Australia (#79-2). N-R. Egg masses of N. onca clade 2; N, #L24, O, #L54, P, #L58, Lizard Island, Queensland; Q, #TH190, R, #TH191, Dingo Beach, Queensland. S, TH205, egg mass of N. onca clade 1, Dingo Beach, Queensland. T, Egg mass of N. concinnus, Lizard Island, Queensland. # numbers refer to collection number used in analysis. Scale bars = 0.5 cm.
Haplotype Analysis
The phylogenetic arrangement of the Naticarius lineages was consistent with the uncorrected pairwise distance (p) within the COI gene fragment between the Naticarius species from different geographic areas (p = 0. 169-0.190) . These values were much greater than the interspecific genetic distance among the Mediterranean species (p = 0.074) or Indo-Pacific species (p = 0.063-0.124) ( Table 2) Table 2 ). The haplotype analysis demonstrated significant levels of heterozygosity within each N. onca clade (Fig. 3, Table 3 ). N. onca clade 1 showed a haplotype diversity (Hd) of 0.73 with an average number of 2.2 differences, while N. onca clade 2 showed a Hd of 0.93 with an average number of 8.3 differences (Table 3) .
Most positions differing between the COI haplotypes were the third codon positions (marked with asterisks in Fig.  3 ). In most cases only two alternatives were observed at alignment positions showing nucleotide variation, i.e. haplotypes contained either one or the other nucleotide at a certain position. The positions were mostly identical within species/clades (e.g., position 123*, nucleotide change A to G in Fig. 3) . In some cases, however, the positions showed overlapping nucleotides between species/clades. A total of 98 positions were found to differ between haplotypes, 71 differed between clades, while 37 showed genetic variability Fig. 3 ).
Shell characters
All Indo-Pacific Naticarius species analyzed here showed similar shell characters (Figs 1, 2 ; Table 4 ). The average ratios of width to height (character SR) of all shells were virtually identical (SR = 1.1 ± 0.1) and ranged from 1.0 to 1.2 (Table 4) , while the average aperture height as a percentage of total shell height (character AR, see Table 4 ) ranged from 74.9% ± 7.0 in N. onca clade 2 to 85.0% ± 6.2 in N. sertatus. AR varied strongly in each taxon for which more than one specimen was analyzed (N. onca clade 1: 70.0- N. stercusmuscarum 0.074 ± 0.000 n/a n/a n/a n/a n/a n/a 87.5%; N. onca clade 2: 66.7-83.3%; N. sertata: 80.6-89.3%). Furthermore, all specimens displayed a broad funicle (character F) that almost fills the entire open umbilicus (character U), and a multi-sulcate operculum (character O; see Table 3 ). Protoconch morphology did not differ significantly between the two clades of N. onca (Table 4) . Members of both clades displayed paucispiral protoconchs with 1.25 whorls that have diameters of 610 ± 50 µm (range: 580-680 µm) and 600 ± 40 µm (range: 560-660 µm), respectively. The specimens of N. sertatus and N. concinnus had 1.5 protoconch whorls each, with maximum diameters of 1020 ± 20 µm (range: 1000-1040 µm) and 760 µm, respectively (Table  4 ). The smallest protoconch was found in N. zonalis with 1.5 whorls and a maximal diameter of 200 µm. Following the assumption of the planktotrophic/lecithotrophic dichotomy (Jablonski and Lutz 1980; Jablonski and Lutz 1983; Bouchet 1989; Pastorino et al. 2009 Typically, the Indo-Pacific Naticarius shells analysed were marked by rows of regularly or irregularly arranged, spiral-or hook-shaped, light-brown to dark-brown dots and blotches of variable size, while only N. zonalis displayed plainly coloured bands that encircle the entire shell (Figs 1,  2 ; Table 4 ). The N. onca specimens had three to five spiral rows of dark-brownish spots that varied from the prototypical "onca arrangement" of five rows (see type referred to by Röding, figured by Chemnitz in: Martini and Chemnitz 1769 -1829 , pl. 187, figs 1887 -1888 Fig. 1 ) with evenly spaced, squarish, uniformly shaped dots to an arrangement of three rows of irregularly distributed, variable dots of different sizes and shapes. The dots were either squarish to oval, formed axial lines, or were hook-shaped. In some cases, the topmost and/or the middle rows consisted of only a few irregularly distributed dots of variable size, or were reduced entirely (e.g., #61-1, #61-2). These colour variations were found independently in both clades of N. onca analyzed here (Fig. 2) . The single specimen of N. concinnus analysed molecularly also had three bands of densely and regularly distributed, brownish, hook-shaped dots, of which a few faded vertically into the uncoloured zones (Fig. 2) . Thus, N. concinnus showed a highly similar shape of dots and an overlapping colour pattern compared to both of the two N. onca clades. Finally, the two specimens of N. sertatus displayed two bands of fuzzy, regularly distributed, hook-shaped brownish stripes (Fig. 2) .
Egg mass morphology
The egg masses of Indo-Pacific Naticarius species (N. onca clade 1, N. onca clade 2, N. concinnus) were circularly arranged bands, pyramidal in shape reaching diameters of 2-3 cm and consisted of up to three coils of sand grainembedded mucus bands with a small central opening which may also even be closed (Figs 2, 4) . The egg masses identified as N. concinnus and N. onca clade 2 showed wavy margins (e.g., L43, L54, L58, TH190, TH191) while the margins of the single N. onca clade 1 egg mass had a smooth margin (TH205).
Discussion
Our molecular data demonstrates that the widely distributed Indo-Pacific N. onca consists of two independent clades with apparently identical shell morphology. Both N. onca clades occur sympatrically within the Great Barrier Reef and are distinct from the well-defined congeneric taxa N. concinnus, N. sertatus and N. zonalis. Thus, the observed molecular diversity of specimens assigned to N. onca by genetic data could either indicate that N. onca is a non-monophyletic taxon or represents two species showing identical shell morphology, but probably differing in egg mass morphology.
Based on molecular barcoding of egg masses we provide evidence that the rare species N. concinnus, which has hitherto been known from Japan (Dunker 1861; Kabat and Kilias 1991) , South Korea (Noseworthy et al. 2007) , and the Indo-West Pacific (Poppe 2008) , also occurs in the northern Great Barrier Reef. Our findings support earlier studies (Huelsken et al. 2008) demonstrating the usefulness of molecular barcoding of egg masses and phylogenetic analyses in the identification of naticid species.
The phylogenetic arrangement and genetic distance observed for the two N. onca clades correspond well with results of an earlier analysis (Huelsken et al. 2006) , where similar results were shown to separate the sister taxa Neverita delessertiana (Récluz in Chenu, 1943) and Neverita duplicata (Say, 1822) as two distinct, valid species. Certainly, high inter-clade genetic distances of mitochondrial sequences have occasionally been found for marine gastropods (e.g., Davison 2000; Funk and Omland 2003; Meyer and Paulay 2005; Wägele et al. 2010) but are very uncommon at the magnitude observed for the two N. onca clades (COI: 11.1%; 16S: 4.0%). The molecular results therefore support inter-specific differences rather than intraspecific clade divergence. This is supported by the phylogenetic arrangement of taxa collected at two independent and not directly connected The protoconch is often considered to be an important character in caenogastropod taxonomy (e.g., Solsona and Martinell 1999; Reid 2002) . However, the obvious overlapping variability in embryonal whorl proportions within the N. onca clades and among taxonomically separable species (N. concinnus -N. onca) supports earlier observations that protoconch features are often not sufficiently differentiated and therefore difficult to interpret (Bouchet and Warén 1993; Bandel 1997) . Protoconch features therefore cannot help to decide whether the observed clades of N. onca, which have identical protoconch structure, represent different species or not.
Although generally distinguishable from each other, N. concinnus shows striking similarities in colour pattern when compared to N. onca. Thus, the observed overlapping colouration pattern within the Indo-Pacific Naticarius species could be based on the repeated combinations of genetically-stable multistate traits (see Hoagland 1977) .
Shell colouration in the N. onca clades therefore may not necessarily indicate that the two clades belong to a nonmonophyletic species, but this distinctive colour pattern could have evolved at least twice in the Indo-Pacific Naticarius.
Little or nothing is known about the developmental biology of most naticid species (e.g., Amio 1955; Giglioli 1955; Bandel 1976; Knudsen 1992; Pastorino et al. 2009 ). Earlier studies attempted to find a correlation between morphological features of the egg mass (larval size, egg capsule morphology, egg mass shape, and rigidity of the sand collar walls) and particular naticid species (Giglioli 1955; Pastorino et al. 2009 ) with no success (Giglioli 1955; Bandel 1976; Aronowsky 2003) .
In the present study we show that egg mass morphology is geographically variable within the traditional genus Naticarius. Both N. onca clades as well as N. concinnus have similar egg mass morphology, but this morphology differs TABLE 4. Shell characters of the molecularly analyzed specimens. Abbreviations: NW-Number of embryonal whorls. MD-Maximal diameter of first embryonal whorl. DN-Diameter of the nucleus (first half-whorl). SR-Size ratio of shell height and shell width (shell height/shell width). AR-Aperture ratio: aperture height as percentage of total height. FFunicle (+, present). U -Umbilical structure (o, open) . O-Operculum (ms, multi-sulcate). C-Colouration (A, two bands of regularly distributed dots; B, two bands of regularly distributed dots plus two additional bands of irregularly distributed dots of variable size; C, four bands of regularly distributed dots; D, five bands of regularly distributed dots; E, three bands of dense and regularly distributed brownish dots that sometimes fade into the uncoloured zones; F, two bands of regularly distributed, hook-shaped brownish stripes; G, plain brownish, evenly coloured zones that surround the entire shell.) Huelsken et al. 2008) . In fact, the pyramidal shape and tight coiling of egg masses of Indo-Pacific Naticarius species is different from any previously published type of naticid egg masses (Figs 2, 5) . The egg collars of N. hebraeus, however, are structurally similar to egg masses known from Neverita heros (Say, 1822), Neverita lewisii (Gould, 1847), Euspira nitida (Donovan, 1804), Euspira montagui (Forbes, 1838), and Natica traillii (Reeve, 1855) (see Giglioli 1955; Huelsken et al. 2008) . Thus, egg masses may be homogeneous in morphology across closely related taxa occurring in the same geographical area, but may differ from congeneric species in other geographic areas.
Species
The morphology of egg mass margins (smooth or wavy) was predicted to differ significantly between species (Giglioli 1955) . The observed differences in margin morphology between the molecularly separated N. onca clade 1 and N. onca clade 2 thus might represent a valid differentiating character. However, this variability may be environmentally induced as egg masses by necessity are assembled from different sand types. Thus, further research is needed to prove whether this observed morphological difference constitutes merely anecdotal evidence or can be used as a diagnostic character between the clades.
Conclusion and taxonomic implications
Taken together, it remains unresolved if the two N. onca clades represent a non-monophyletic species or two distinct species with identical shells. However, the data presented suggest that the most parsimonious explanation is a separation at the species level. If the two lineages indeed represent two different, congeneric species, it would have important implications for the taxonomy of this broadly distributed taxon, given Röding's (1798) selection of two morphologically different variants of Chemnitz's "Pavimentum chinense" as separate species (Cochlis onca, Cochlis pavimentum) based on obviously different colour patterns (Fig. 1) . The data presented in our study strongly supports Röding's implicit assumption that the non-binomial "Pavimentum chinense" Chemnitz, 1781 represents more than one taxon. However, as the two clades are not separable based on their shell colouration, they are not unequivocally assignable to either of the two taxa erected by Röding. At this point, we therefore cannot resolve Röding's definition of Cochlis onca and Cochlis pavimentum as both species could be assigned to either of the two taxa identified. Thus, further analyses of egg mass and soft body morphology, as well as anatomical and biogeographical studies are needed to corroborate distinction at the species level. FIGURE 5. Neighbour net analysis of the analyzed Indo-Pacific Naticarius species based on the COI data set. The calculations of 1000 bootstrap replicates were performed by applying the LogDet model.
